Canonical quantization of the isomonodromy solutions of equations integrable via the Inverse Scattering Transform leads to generalized Knizhnik-Zamolodchikov equations. One can solve these equations by the O -shell Bethe Ansatz method provided the Knizhnik-Zamolodchikov equations are related with the highest weight representations of the corresponding Lie algebras: These solutions can be written in terms of multi-variable generalizations of special functions of the hypergeometric type. In this work, we consider a realization of the above scheme for the Maxwell{ Bloch system with pumping: quantum states for this system are found in terms of the multi-variable con uent hypergeometric function.
Introduction
Some time ago N. Reshetikhin 1] introduced generalized Knizhnik-Zamolodchikov equations and noticed that they can be viewed as a quantization of the non-linear system of ordinary di erential equations (ODEs) de ning isomonodromy deformations of linear ODEs. In particular, the original system of the Knizhnik-Zamolodchikov 2] equations can be viewed as a quantization of the classical Schlesinger equations 3]. Later J. Harnad 4] gave a more \physical" interpretation of this quantization procedure: by considering the Schlesinger equations as a multi-time Hamiltonian system, he, using the standard quantum mechanical language, has shown that the system of Knizhnik-Zamolodchikov equations can be viewed as a multi-time non-autonomous system of Schr odinger equations.
An attractive feature of this quantization is that the Knizhnik-Zamolodchikov equations on the Lie algebras with the nite weight representations can be solved in terms of the multi-variable hypergeometric functions 5], so that one can get explicit formulas for the wave-functions, correlators, and so on. To make this quantization procedure closer to applications one has to nd physical models which can be described in terms of solutions to the system of Schlesinger equations and/or their generalizations. One regular procedure is well-known: The system of Schlesinger equation and their multi-pole generalizations govern the so-called isomonodromy solutions of the equations integrable via the Inverse Scattering Transform (IST) 6]. In particular, there are special classes of the isomonodromy solutions to the self-dual Yang-Mills equations, Einstein-Maxwell equations, and Ernst equation, which can be written in terms of the solutions to the system of the Schlesinger equations 7, 8] . In general, to x a class of the isomonodromy solutions of a partial di erential equation integrable via IST means to pick out a nite dimensional non-autonomous Hamiltonian system of its solutions which de nes an isomonodromy deformation of some auxiliary linear ODE (see Sec. 3 details). Most of the important solutions which are studied in the IST framework; solitons, nite-gap, or similarity, belong to the isomonodromy classes of solutions. The quantization of the system of Schlesinger equations (or their generalizations) which governs one of such isomonodromy subsystems means to associate with the classical system a spin-like non-autonomous nite dimensional quantum system. These systems usually contain some parameters, in particular the number of \particles (waves)", N, so that further one can study di erent scaling limits N ! 1. D. Korotkin and H. Nicolai 9] used the above ideas for the quantization of a special class of the isomonodromy solutions to the Ernst equation -the class which is governed by the classical Schlesinger equations. They found that for the further interpretation of the quantum model obtained as the model of quantum gravity one has to demand the wave function belongs to the coset space SL(2; R )=SO(2) and satis es an additional constraint: like the vanishing of a total spin of the system. There are no (non-trivial) solutions of the corresponding Knizhnik-Zamolodchikov equations on the representations of sl 2 (R) with the highest weights which satisfy this constraint. There are two possibilities of continuation of these studies for the Ernst equation: 1) Instead of the principal discrete series of representations of sl 2 (R) one can try to use the principal continuous series. But the corresponding system of Knizhnik-Zamolodchikov equations becomes a rather complicated system of partial di erential equations which is not investigated at the present time. 2) To study an application of this quantization scheme to other classes of isomonodromy solutions to the Ernst equation. In the last case, of course, we change the objects under quantization. The corresponding systems of Knizhnik-Zamolodchikov equations also change; probably they belong to the class of the generalized KnizhnikZamolodchikov equations which are introduced in 1].
In this paper we would like to draw attention to the fact that the quantization procedure brie y described above is applicable to isomonodromy solutions of any IST integrable (KdV-like) di erential equation. The corresponding system of the generalized Knizhnik-Zamolodchikov equations can be solved via the o -shell Bethe ansatz method 10, 11] . Since, there is a rather big variety of the IST integrable equations, each of these equations possesses (in nitely) many classes of the isomonodromy solutions, and the same equation very often serves for a description of di erent physical models, so that the di erent classes of the isomonodromy solutions are really involved, we hope that this quantization procedure can appear to be quite reasonable for some physical models and therefore believe that it requires more wide attention and further studies.
In this work we consider the Maxwell-Bloch system with pumping (Sec. 2). From the IST point of view this is an intermediate case between the systems integrable via IST with the variable spectral parameter and IST with the spectral parameter independent of the dynamical variables. The spectral parameter in this case depends on one (space) variable and independent of time. It is worth mentioning that the wave function, the solution of a generalized system of Knizhnik-Zamolodchikov equations, is obtained in Sec. 6 in terms of the multi-variable con uent hyper-geometric function.
Probably, the Maxwell-Bloch system without pumping (Sec. 2) would be physically the most reasonable example for further studies. The associated auxiliary ODE with respect to the spectral parameter, which plays a key role in the de nition of the isomonodromy solutions (Sec. 3), has an additional pole of the second order compared to the corresponding ODE studied in this work and is therefore the next complicated case to the one considered here.
Maxwell{Bloch System with Pumping
The Maxwell{Bloch system (without pumping) 12, 13] describes the propagation of a sequence of electromagnetic pulses along the positive direction of the x-axis in the two level atomic medium. It is known to be integrable via the Inverse Scattering Transform 14, 15, 16] . The Maxwell{Bloch system with pumping was introduced by S. P. Burtsev, V. E. Zakharov, and A. V. Mikhailov 17] in the framework of the Inverse Scattering Transform with a variable spectral parameter as an integrable deformation (with the deformation parameter s) of the reduced Maxwell{Bloch system (RMB). More exactly, they considered the following system of linear di erential equations:
where z 2 C is the auxiliary (spectral) parameter and the 2 2{matrices 3 ; U 0 ; and i^ 2 su 2 have the following form: 
Isomonodromy solutions
The general notion of the isomonodromy solutions of the equations integrable via IST was formulated in the work 6]. It is applicable also to the equations integrable via IST with a variable spectral parameter. The -function which corresponds to such solutions, possibly after some gauge-like transformations, solves together with the system (2.1) one more linear ODE, the ODE with respect to the spectral parameter,
where A(z) = A(z; ; ) 2 su 2 is a rational function of the spectral parameter z. The compatibility condition of Eq. (3.1) with the system (2.1) does not uniquely de ne the matrix A(z; ; ). This freedom is such that all the most important solutions to the equations integrable via IST (multi-soliton, nite-gap, similarity) can be speci ed as the solutions of the isomonodromy class: the -functions corresponding to them solve Eq. (3.1) with di erent matrices A(z; ; ) for the solutions of the di erent types. Some solutions, which do not belong to the isomonodromy class, e.g. rapidly decaying solutions, also show an isomonodromy behavior in many interesting asymptotic regimes.
In our case the simple possible choice of A(z; ; ) which is consistent with the system where 2 R plays a role of the dimension constant, note that our \time-variable" is dimensionless! To be consistent with the classical picture we have to impose on the vector the system of N more \Schr odinger" equations, i h @ @z k =Ĥ k ; k = 1; : : : ; N; (5.6) which govern the dependence of the state-vector on the parameters z k and so de ne the space-like dependence of the state vector. The necessity of the appearance of additional equations, system (5.6)), is clear since we are quantizing the (soliton-) wave-like objects (see the last paragraph in Sec. 3), whilst the Schr odinger equation ( 
